We present the results of a recent AGS measurement of the total cross section for neutrons on protons, deuterons and other nuclei in the momentum range 10 to 30 GeV/c. The standard good-geometry transmission technique was used with a total absorption spectrometer to detect the transmitted neutrons. Biasing the spectrometer towards high neutron momenta together with the strongly-peaked momentum spectrum of the beam gave relatively good momentum resolution. Measurements were made at mean momenta of 12, 13, 18 and 26.5 GeV/c. Results are presented and the cross sections for nuclei are compared with theoretical predictions.
The total cross sections for neutrons on various nuclei at mean momenta of 12, 13, 18 and 26.5 GeV/c were measured directly with a neutron beam at the Brookhaven AGS [1] . The experiment used a good-geometry transmission technique in combination with a total absorption spectrometer (TAS) for neutron energy determination [2] . The experimental technique was similar to that used by our group in previous * Work supported by the U.S. National Science Foundation and the U.S. Atomic Energy Commission. ** Present address: Argonne National Laboratory. *** Present address: Berea College, Berea, Kentucky.
total cross section measurements [3] [4] [5] with improvements in the TAS and reductions in systematic effects.
The experiment arrangement is shown in fig. 1 The extranal proton beam was incident on an 18 cm long Be target and a neutral beam was taken off at 0 °. Several magnets in the beam line swept out charged particles. Gamma contamination was removed by two lead filters in the beam with a total thickness of 10 radiation lengths. The collimators produced a sharply defined beam spot 1.1 cm in diam. at the target with negligible halo.
The flask for the liquid targets was 122.0± 0. 16 The scintillators were grouped into two interleaved sets of seven. The light from the scintillators in each set was summed optically and viewed by a 56AVP photomultiplier tube. The output of the two tubes was then passively added to give a pulse whose amplitude was roughly proportional to the neutron energy Accepting only large pulses from the TAS biased the measurements toward high neutron momenta. When combined with the fact that the incident neutron spectrum is strongly peaked at the high momentum end [e.g. 61, this produces fairly good momentum resolution.
As an example the effective spectrum for the 26.5 GeV/c point is shown in the inset in fig. 2 .
The relative intensity of the beam was monitored by two independent counter telescopes upstream of the targets ( fig. 1 ). These telescopes tracked well during the experiment.
Cross sections measured by each of the transmission counters were calculated in the standard manner using the ratio of the target empty to target full counting rates and the length and density of the targets.
Several small corrections had to be made to the attenuation cross sections measured by the transmission counters. The first was a correction for a "rate effect", that is, a change in the gain of the TAS photomultipler tubes with instantaneous neutron intensity. The quantity (TAS. this instantaneous rate. Running with different neutron intensities incident on the TAS showed that the measured attenuation cross sections decreased linearly with rate. Typically a correction of about 1% had to be made to the measured cross sections for this effect. The uncertainty in this correction was included in the errors for the cross sections. A correction (< 1%) was made for the liquid targets to account for the residual gas in the empty target.
Three methods were used to extrapolate the measured attenuation cross sections to zero solid angle to obtain the total cross section. The spread in the extrapolated cross sections was taken as the measure of the uncertainty in the extrapolation procedure and was combined quadratically with the other errors.
In the worst case -that of lead -the full spread was 0.50/o of the total cross section. Because of the exceeding, ly small angle subtended by the smallest transmission counter at the target, the attenuation cross section measured by this counter differed from the total cross section by less than 1% for all the elements studied. Table 1 lists the measured total cross sections at the four mean neutron momenta. The uncertainties listed are the quadratic combination of all the errors discussed above plus an additional error of 0.4mb for hydrogen and 0.3 mb for deuterium due to uncertainties in the densities of these targets because of pressure fluctuations. The quantities F'WHM and PB listed with each of the mean momenta are the full width at half maximum of the effective neutron spectrum and the AGS proton momentum respectively. 2 shows our n-p data together with previous n-p and p-p measurements. Our data are in excellent agreement with those of Engler et al [7, 8] .
The 27 GeV/c data previously reported by our group for the heavier elements 4 are inconsistent with our current results. We now believe our previous results were in error because of an incomplete understanding of the rate dependence of the TAS, which was considerably more complicated than we realized, and because of an oversimplified procedure for extrapolating to zero solid angle which gave low cross sections for the larger nuclei. As can be seen in fig. 2 , there now seems to be very good agreement between n-p and p-p total cross sections in this momentum range. There is no evidence for any unusual behavior of the cross sections. Our values for n-d and n-p cross sections agree within errors with recent Serpukhov results [16] for p-d and n-p (from a p-d minus p-p subtraction technique). On the basis of our results and those of previous experiments [4, 5, [7] [8] [9] [10] [11] [12] it is found that the neutron-nucleus total cross sections fall smoothly and monotonically with increasing energy. Table 2 compares our 26.5 GeV/c data (column 1) with several models. Columns 2 and 3 give total cross sections calculated from the multiple scattering theory of Glauber [20] using Gaussian [18] and Fermi [17] nuclear density distributions respectively. For these calculations the nuclear density parameters delved from electron scattering have been used [21] . Column 4 gives results of a model of Bochmann and Margolis [19] in which one allows diffractive production of heavy mass isospin ½ isobars in the nucleus followed by the regeneration of the neutron. Such a process causes a "shadow" through the elastic channel and produces a decrease in the total cross section. In column 5 we show this last model with regenerative contributions omitted. In this case this model is easily shown to reduce to the Glauber theory with an "optical" approximation -i.e., the approximation in which one ignores the q2 dependence of the nucleon-nucleon elastic scattering amplitude when compared to that of the nuclear form factor Nuclear radii deduced from p photoproduction [22] have been used in this last model. The electromagnetic radii would yield cross sections smaller by several percent for the lighter nuclei.
Given the large uncertainties -due principally to uncertainties in the nuclear radii -in the calculated cross sections, it is not clear that one is seeing regenerative effects at these energies. The question should be resolved at NAL energies where these effects are expected to be larger.
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